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(54) Method and device for measuring the ultrafiltration volume in a dialysis machine and method 
for calibrating the device 



(57) Method and device for measuring the flow dif- 
ferential between incoming liquid flow to a dialysis ma- 
chine and outgoing liquid flow from a dialysis rtiachine, 
as well as a method for calibration of the device. The 
dialysis machine comprises a heat exchanger (10) for 
transfer of heat energy from the outgoing (29) to the in- 
coming (8) liquid flow, a connection (23,24) toadialyser 
(2) for feeding the dialysis solution through the dialysate 
side of the dialyser, a device (20, 28) for attaining an 
ultrafiltration In the dialyser, and a plurality of tempera- 
ture sensors (30,31 ;32,33) for detecting the tempera- 
ture of the dialysis solution. The flow differential is cal- 
culated with help of the equation 

AQ=Qx(ATi -AT2)/AT2 

where AQ = the flow differential, Q = the liquid flow, AT^ 
= temperature difference across one side of the heat ex- 
changer and AT^ temperature difference across the 
other side of the heat exchanger Calibratbn takes place 
with built In concentrate pumps (6,16,18). 
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Description 

TECHNICAL FIELD 

The invention relates to a method and a device for 5 
measuring the difference between incoming liquid flow 
to a dialysis machine and outgoing liquid flow from a di- 
alysis machine. This flow differential is related to the ul- 
trafiltration volume which arises In a dialyser connected 
to the dialysis machine. io 

The invention also relates to a method for calibrat- 
ing such a device with the help of concentrate pumps 
which are normally included in a dialysis machine. 

BACKGROUND OF THE INVENTION is 

The present invention is Intended to be employed 
in a dialysis machine for measuring and/or monitoring 
the ultrafiltration during the dialysis procedure. A dialy- 
sis machine in which the invention can be empbyed is 20 
disclosed in EP-B1 -0 278 1 00 which describes a dialysis 
machine corresponding essentially to GAMBRO AK 
100. 

Such a dialysis machine is provided with an inlet for 
an incoming liquid flow, such as pure water, and one or 25 
more inlets for concentrate. The liquids from these inlets 
are mixed to form a dialysis solution, called dialysate, 
which is supplied to a dialyser. 

The dialyser includes a membrane which divides 
the dialyser into a blood side and a dialysate side. The 30 
dialysis solution passes over the dialysate side and 
cleans the blood by means of transporting Impurities 
such as urea from the blood through the membrane to 
the dialysis solution and transporting necessary sub- 
stances such as bicarlx)nate from the dialysis solution 3s 
to the blood. In addition, a quantity of the liquid content 
in the blood, blood plasma, is drawn from the blood to 
the dialysis solution, a so-called ultrafiltrate. 

The dialysis solution is returned to the dialysis ma- 
chine and discharged as an outgoing liquid flowf rom the 40 
dialysis machine to a drain. 

Furthermore, the dialysis machine comprises a 
number of various means for regulating the composition 
of the dialysis solution, for achieving sufficient pressure 
and flow conditions for the dialysis solution, as well as 45 
for regulating and transporting the blood flow on the di- 
alyser's blood side. Thus, the dialysis machine includes 
a flow measuring device for measuring the dialysis so- 
lution flow to and from the dialyser and calculating the 
ultrafiltrate as a difference between these flows. so 

DE-A1-41 27 675 discloses a method and device 
for monitoring the fluid flow In a conduit. A heat impulse 
is supplied to the fluid and the increase of temperature 
due to the supplied heat energy is used as a mesure- 
ment of the mass flow through the conduit. This principle ss 
is called a thermal flow meter. 

US-A-4 530 759 discloses a method and device for 
measuring the ultrafiltrate in a dialysis machine using a 



balancing device. The balancing device induces an er- 
ror in the ultrafiltrate measurement due to different tem- 
peratures In the two balancing chambers, resulting in a 
small change of density. This en-or is compensated for 
by measuring the temperature difference and applying 
a correction. 

SUMMARY OF THE INVENTION 

In a medical dialysis apparatus, it is customary to 
use a second independent measuring devices for safety 
monitoring of significant properties and operating pa- 
rameters of the dialysis machine. 

The main object of the present invention is to sug- 
gest a device which monitors the ultrafiltrate totally in- 
dependently of the normal operation of the dialysis ma- 
chine. 

According to the present Invention, the use of a ther- 
mal flowmeter for measuring the ultraflltration is pro- 
posed. 

A thermal flowmeter uses the folbwing equation: 
P = QxCxAT (1) 

in which P is the power which is supplied to the liquid 
and which brings about a change in the temperature of 
AT during a mass flow Q and heat capacity C of the liq- 
uid. 

Moreover, It Is noted that many dialysis machines 
today already include, from the beginning or as an op- 
tion, a heat exchanger which recovers a quantity of the 
heat content in the outgoing liquid flow from the dialysis 
machine and transfers this to the incoming liquid flow to 
the dialysis machine. In this manner, the heating re- 
quirement within the dialysis machine is reduced which 
is an advantage particularly when the power supply from 
the mains is limited. The heat exchanger can be built 
Into the machine or can be arranged as an accessory 
outside the machine. 

A transfer of heat energy occurs in the heat ex- 
changer from the secondary side to the primary side. 
The transferred heat energy can be expressed as a loss 
of heat energy when the liquid passes through the sec- 
ondary side of the heat exchanger and/or as an addition 
of heat energy when the liquid passes through the pri- 
mary side of the heat exchanger. The flow differential 
between the secondary side and primary side of the heat 
exchanger can be expressed as a function of the tem- 
perature differences across the primary side and the 
secondary side, as well as the total flow through the heat 
exchanger. 

In a preferred embodiment of the invention, the total 
flow through the primary side of the heat exchanger is 
measured with a second thermal flowmeter within the 
dialysis machine. The dialysis machine comprises a 
heating device for heating the incoming liquid f lowto ap- 
proximately body temperature, for example 38"C. By 
measuring the temperature increase across the heating 
device, as well as the supplied electrical power, the flow 
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through the heating device can be calculated according 
to the above equation. 

As mentioned above, the dialysis machine compris- 
es inlets for concentrate. These inlets contribute to the 
flow differential mentioned above. In order to obtain the 
ultrafiltrate, the incoming concentrate flows must be 
subtracted from the calculated flow differential. Howev- 
er, the additions of the concentrate flows occur by 
means of dosage pumps with known and constant dis- 
placement for example ceramic pumps. Accordingly, 
the concentrate flows are known, for which reason the 
ultrafiltrate can be calculated. Compensatbn can also 
be made for power k>sses which affect the thermal proc- 
esses, as well as for changes in the heat capacity and 
density of the fluids Involved. 

According to the Invention, one of the concentrate 
pumps can be used to calibrate the ultrafiltration meas- 
uring device. Thus, the dialyser Is shunted so that no 
ultrafiltration takes place and the concentrate pumps are 
set to predetermined "ordinary" values. Then, one of the 
concentrate pumps is set to an increased flow and the 
measuring devbe according to the inventk)n Is calibrat- 
ed tn principle to correspond to the increased value of 
that concentrate pump. 

Further properties and features of the inventbn will 
be apparent from the annexed claims to which reference 
is hereby made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects, advantages and features of the in- 
vention will be apparent from the following detailed de- 
scription of preferred embodiments of the invention, with 
reference to the attached drawings. 

Fig. 1 is a schematic view of a measuring device 
according to the inventkxi connected to a dialysis ma- 
chine. 

Fig. 2 is a connection diagram which shows how the 
measuring device can be arranged to achieve reliable 
measuring values. 

Fig. 3 is a cross-sectional view which shows the 
heat exchanger and the heating devbe as they can be 
designed in practise. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A dialysis machine Is shown in Fig. 1 in which the 
present inventbn can be applied. 

The dialysis machine 1 comprises an inlet 8 for pure 
water. Via a valve 9, the inlet 8 leads to the primary side 
11 of a heat exchanger 10. The valve 9 can be a shut- 
off valve and^or a pressure regulating valve. 

From the primary side 11, water is fed to a heating 
device 1 4 where the incoming water is heated to approx- 
imately body temperature, for example about 38*C. The 
water passes from the heating device 14 through a con- 
duit 15 provkJed with two inlets 16, 17 for concentrate. 



The first inlet 16 is associated with a container 6 
which contains A-concentrate (Acid concentrate). The 
concentrate In the container 6 Is drawn up by a pick-up 
tube 7 and passes via a tube 1 3 to a concentrate pump 
s 18. The concentrate pump 1 8 is for example a ceramic 
type pump and consists of a very accurate dosage 
pump. The volume of concentrate whch is introduced 
via the Inlet 1 6 is thus determined very accurately by the 
number of revolutions of the dosage pump 18. 
10 A second concentrate, B-concentrate (Bicarbonate 
concentrate), is introduced via the second inlet 17 by 
means of a second concentrate pump 19. Water Is 
drawn via a branch conduit from the conduit 15 shortly 
after the heating devrce 1 4 and is Introduced in the upper 
IS part of a cartridge 1 5 containing the blcartx>nate in pow- 
der form. The water passes through the powder and 
forms a solution of bicartxmate whk:h is substantially 
saturated. By means of the concentrate pump 19, the 
desired quantity of B-concentrate is introduced via the 
20 Inlet 17. 

The conduit 15 contains various devices which are 
necessary In a dialysis apparatus, for example conduc- 
tivity cells for measuring and controlling the dosage 
pumps 18 and 19. In addition, a degassing device, a 

25 pump devbe, a pH-measurer etc are provided. These 
devices are symbolized by the box 20 but can be k>cated 
at different points along the conduit 1 5. After the device 
20, the thus ready prepared dialysate Is supplied to a 
first flow measuring cell 21 and further via a valve 22 to 

^ a dialysate outlet 23. 

A dialyser Is shown schematk^lly by reference nu- 
meral 2 and is provided with a tube 3 for connection to 
the dialysate outlet 23, as well as a tube 4 for connect bn 
to a dialysate inlet 24. As indicated by dashed lines in 

35 Fig. 1, the tubes 3 and 4 can be connected to a shunt 
conduit 25. for example during the start-up phase of the 
machine, as well as during disinfection, etc. 

Dialysis of the blood occurs In the dialyser, whbh 
means that ions pass through the membrane of the di- 

40 alyser from the dialysate to the blood and vice versa. In 
addition, a fixed quantity of bbod plasma is drawn out 
in the form of an ultrafiltrate. 

The dialysis solutbn flows from the dialysate inlet 
24 through a valve 26 to a second flow measuring cell 

45 27 and further via a number of devices whbh are sym- 
bolized by the box 28 to the secondary skie 12 of the 
heat exchanger 10 and further to an outlet 29 which Is 
normally connected to a drain. The box 28 contains, for 
example, a blood leakage detector, a pump device, 

50 pressure and temperature measurers, etc, which are 
positioned at varbus points abng the conduit 48 from 
the dialysate inlet 24 to the outlet 29. 

As is apparent from Fig. 1, an inlet 8 for water is 
provbed which, in this description, is tenmed the incom- 

55 Ing flow. In additbn. there is an outlet 29 for the con- 
sumed dialysate whbh, in this descriptbn, is denoted 
the outgoing flow. The incoming and outgoing flows lead 
to and come from the heat exchanger 1 0. 
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In the dialysis machine, certain additions occur to 
the incoming flow. At the inlet 16, concentrate Is intro- 
duced from an external container 6 which Is added to 
the Incoming flow. 

At the Inlet 17, concentrate is added from a powder 
cartridge 5. Removal of a flow via a branch conduit from 
the conduit 15 occurs simultaneously. The net addition 
via the Inlet 17 is thus substantially zero since the same 
quantity Is removed from the conduit 15 via the branch 
conduit as is added to the conduit 15 via the inlet 17. 
When the powder dissolves In the cartridge 5. substan- 
tially no, or a very small, volume change takes place, 
though the density and the heat capacity do alter. 

An addition of volume to the incoming flow occurs 
in the dialyser 2 in the form of the uftrafiltrate. It is this 
ultrafiltrate which is to be monitored according to the 
present invention. The uttrafittiate Is measured in the di- 
alysis machine as a difference between the flow through 
the second measuring cell 27 and the flow through the 
first measuring cell 21 . 

It will thus be apparent that the difference between 
the Incoming flow through the inlet 8 and the outgoing 
flow through the outlet 29 consists of the addition of con- 
centrate via the inlet 1 6 from the container 6, as well as 
the ultrafiltrate. 

In certain machines, the conduit 39 and the car- 
tridge 5 are replaced by a container containing concen- 
trate. In this case, a net addition of a liquid volume to 
the incoming flow via the inlet 17 will of course occur. 
Other machines may have only one inlet corresponding 
to the inlet 16. Machines are also known which use sev- 
eral cartridges 5 with powder concentrate and only snriatl 
quantities of liquid concentrate. 

An increase in the temperature of the Incoming flow 
takes place on the primary side 1 1 of the heat exchanger 
10. This increase in temperature Is measured by two 
temperature sensors 30, 31 which measure the temper- 
ature Ti before the heat exchanger and the temperature 
T2 after the heat exchanger, respectively. On the sec- 
ondary side of the heat exchanger there are two tem- 
perature sensors 32. 33 which measure the incoming 
temperature T4 to the secondary side of the heat ex- 
changer and the outgoing temperature Ts, In addilkxi, 
a further temperature sensor 34 is positioned after the 
heating device 14 to measure the outgoing temperature 
T3 from the heating device. 

With the help of the temperature sensors 34 and 31 
as well as by measuring the energy additton to the heat- 
ing device 1 4. the total incoming flow can be calculated. 
The calculation occurs with the above equation (1). In 
order to obtain an accurate value of the flow, it may be 
necessary that the heating device 14 be heat Insulated 
relative to the surroundings so that the supplied electri- 
cal power really Is transferred to the liquid. Alternatively, 
or in addition, the supplied power can be compensated 
for by possible emissloris to the surroundings. 

Transfer of heat energy takes place in the heat ex- 
changer from the secondary side of the heat exchanger 



to Its primary side. If the heat exchanger Is well insulat- 
ed, these quantities of heat energy are equally large. If 
the primary skJe is denoted by suffix 1 and the second- 
ary side denoted by suffix 2, the foltowing equatfon Is 
5 obtained according to the above equation (1 ): 



Qi xC^ xAT^ ^QgXCgXATg 



(2) 
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If it is assumed that 0^=0^ and Q2=Qi+AQi, the foltow- 
ing equatton is obtained: 

AQ^yQi=(ATi-AT2yAT2 (3) 

AQi thus corresponds to the additions which takes 
place within the dialysis machine between the primary 
side of the heat exchanger and its secondary side. 
These additions occur in Fig. 1 via the inlet 16, Q^, as 
well as the ultrafiltration, Q^, via the dialyser 2. The 
quantity which passes via the inlet 1 6 is known since the 
dosage pump 18 is very accurate. Thus, the quantity of 
ultrafiltration can be detenmined. 

In equation (3), it Is assumed that the heat capacity 
for the incoming flow, normally pure water, via the inlet 
8 Is the same as the heat capacity for the outgoing flow 
via the outlet 29. This is not totally correct since salts 
have been added via the inlets 1 6 and 1 7, which change 
the density of the liquid as well as to a certain extent Its 
specific heat capacity. The addittonal flow via the dialys- 
er 2 also changes these conditions somewhat. 

An analysis of equation (2) shows, however, that a 
small constant change of the heat capacity only gives a 
^ substantially constant^Jditlon to the calculated flow dif- 
ferential AQ^ calculated according to equation (3) with 
a correction factor AQc according to equatton (4): 

(4) 



35 



AQc/Qi = (1 - C^/Cg) X AT/AT2 



If AT^/ATg Is constant, which is the case during 
measurement of a small flow differential AQ^, the addi- 
tfon will be approximately constant. 

The same applies if it is assumed that a fixed portton 
of the heat energy on the secondary side Is emitted to 
the surroundings. The correction factor AQp is thus de- 
termined by the following equation (5): 

AQp/Q^ = (1 - Pg/Pi ) X AT^/ATg (5) 
^ Accordingly, the ultrafiltratton AQy is obtained according 



40 



to the foltowing equatton (6): 



AQu = AQ^ 



AQ^-AQ^-AQp 



(6) 

The size of the correction factors can be measured 
^ during start up of the dialysis machine with those pa- 
rameters which are necessary for the dialysis treatment 
in question. 

It Is to be noted that the heat capacity for the ingoing 
and outgoing liquid flow is also dependent on its oxygen 
55 content and the content of other gases, whereby ac- 
count can also be taken of these factors. 

It is apparent from the above equattons that the cal- 
culation is based on measurement of the differences be- 
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tween two or four temperatures. It is desirable to perform 
necessary calculations In a computer. If the measured 
temperatures are digitalized and the calculation of the 
difference is nnade in the computer, digitalization errors 
easily affect the result. In such case, A/D converters with s 
very high resolution must be used which in principle in- 
tegrate the measured temperature value over a relative 
long period. 

Since It is AT^ - ATg and AT2 which are of interest, 
according to a preferred embodiment of the invention it « 
is proposed to connect the temperature sensors accord- 
ing to Fig. 2. The temperature sensors which are em- 
ployed consist of heat sensitive resistors, thenmistors, 
in which the resistance is substantially proportional to 
the temperature. If these thermistors are connected in is 
series in the manner as indicated in Fig. 2, AT2 and AT, 
- AT2 respectively can be measured via adjustment of 
the switch 35. The thermistors T^, T4, Tg and T^ are con- 
nected in series and a common constant current \^^^ 
passes through the thermistors. The current is generat- 20 
ed by a constant current generator (not shown). 

The mid-point between the thenmistors Ts and T4 is 
connected to the positive Input of an OP amplifier 36. 
The voltage which arises before the thermistor T^ and 
after the thermistor T2 respectively is fed via the switch 25 

35 to the negative input of the OP amplifier 36. Thus, a 
voltage is obtained from the output of the OP amplifier 

36 which corresponds to (-Tt - Tg + T4 + T^) = AT, - ATg. 
By switching the switch 35 to the second position, the 
voltage from the thermistor T5 and thermistor T4 respec- 30 
tively is fed to the OP amplifier 36 and the output thereof 
provides a voltage corresponding to (-T, + T4) = - ATg. 
The two attained voltages are fed to an AD converter 37 
and further to a calculating computer 47. 

In the position shown in Fig. 2, AT^ - ATg is meas- 3S 
ured which has a very much lower value than ATg which 
is measured in the second positiori of the switch 35. The 
switch 35 can be complimented by a further section 
which alters the value of the resistance 38 which deter- 
mines the amplification of the OP amplifier 36 so that 40 
the amplification increases by a suitable factor, for ex- 
ample by a factor 10. In this manner an AD converter 

37 with lower resolution can be used. 

By providing the computer 47 with measurement 
valuesof AT2andthedifferenceATT -AT2, the computer 46 
can calculate AT^ and thus also the ratio AT1/AT2. This 
can be used to calculate AQq and/or AQ^ according to 
equation (4) and (5). This is assuming that the ratio 
C1/C2 and/or P-,/P2 is known. The ratio C^/Cz is a func- 
tion of the temperature of the incoming and outgoing liq- so 
uid, their salt concentration and densities, dissolved or 
dispersed gases in the liquids, as well as other factors. 
The calculating computer 47 can calculate this ratb, 
though sometimes needs further information such as 
the temperature of the incoming water T, or Tg. ss 

If T2 is measured, this can also be used to calculate 
Q^, i.e. the incoming flow, by means of using the above 
equation (1) and the heating device 14. Tg is regulated 



by the dialysis machine to a predetermined tempera- 
ture, for example 38»C. Thus, if Tg is known, then so too 
is the difference T3 - Tg across the heating devbe. By 
measuring the additbn of power to this device, i.e. the 
current and voltage, the flow can be calculated. 

Since temperature differences are of interest, it can 
be practical to empby a thermal element, a so-called 
thermocouple, where a voltage is attained across the 
thermocouple which is proportional to the temperature 
difference between two points or joints. The thermal el- 
ement uses the property that a potential difference aris- 
es at the junctfon between two conductors of different 
material, for example copper and iron. The potential dif- 
ference is temperature<lependent. By using two junc- 
tion locations which have different temperatures, a volt- 
age arises across the thermocouple. In this manner, the 
voltage whbh arises can be digitalized and forms a 
measurement of AT^ and ATg respectively. 

According to the inventbn, other methods can also 
be used for measuring the total incoming flow Q^, for 
example by measuring the pressure difference across 
a throttling devfee or using some other flow meter. It is 
also possible to use an estimated or nominal value, for 
example a value inputted by the user. 

A cross-section of a heat exchanger 10 and a heat- 
ing device 14 is shown in Fig. 3 which may be used ac- 
cording to the present inventbn. The heat exchanger 1 0 
consists of an outer sleeve 40 in the form of a tube. The 
inner surface of the tube is provided with a spiral-shaped 
groove 41 which runs from an inlet 42 to an outlet 43. 
The inlet 42 and the outlet 43 are provkJed with temper- 
ature sensors 32. 33. The spiral shaped groove 41 is 
delimited inwardly by a metal cylinder 45. The thus de- 
scribed components together fomi the secondary skle 
of the heat exchanger. 

Within the metal cylinder 45, an inner cylinder 44 is 
bcated whbh is provided with threads 48. The threads 
48 seal against the metal cylinder 45 and form a screw- 
shaped groove 49 whbh forms the primary side of the 
heat exchanger. An inlet 50 is provided with a tempera- 
ture sensor 30 and an outlet 51 is provided with the tem- 
perature sensor 31 . 

The heating device 14 consists of the same outer 
sleeve 40 as the heat exchanger, though the metal cyl- 
inder 45 is replaced by a heating cartridge 52. The heat- 
ing device 14 is located close to the heat exchanger 10 
so that the temperature sensor 31 can be regarded as 
measuring the input temperature to the heating devbe 
14. The heating devbe thus has an inlet 53 and an outlet 
54, whereby the outlet is provkJed with the temperature 
sensor 34. 

The temperature sensors are of the type R 100 
(thermistor) and consist principally of a thin metal tube 
containing a heat sensitive resistor, as well as a connec- 
tion head through which connectbn conduits pass. 

In order to obtain an estimatk)n as to how large the 
power bsses to the surroundings are, a temperature 
sensor (not shown) can be used which measures the 
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surrounding temperature within the dialysis nnachine 
and/or outside thereof. With the help thereof, the calcu- 
lating computer can estimate the power losses in the 
heat exchanger 10, the heating device 14 and the dial- 
ysis machine in general. s 

It may also be possible to reduce the power loss to 
the surroundings by heating the heat exchanger's sur- 
roundings to a temperature approaching the average 
value of T4 and T5. Thus, the heat exchanger 10 can 
possibly attain a heat energy surplus from the surround- 10 
Ings. In certain applications, it is suitable to insulate the 
heat exchanger 10 and/or the heating device 14 by sur- 
rounding them with heat-insulating nnaterial of suitable 
thickness. 

In order to obtain necessary accuracy of the meas- is 
urement of the flow differential via the heat exchanger 
and according to the Invention, it is necessary that suf- 
ficient temperature differences are attained across the 
heat exchanger, for example at least 5*C between the 
inlet and the outlet on the primary side. This is normally 20 
not difficult to obtain since the temperature of the incom- 
ing flow is nomially less than around 20*C. In warmer 
countries where the tennperature can approach 30"C, it 
can be problematic to achieve sufficient accuracy in 
measuring the flow differential. The calculating compu- 2S 
ter 47 can thus be arranged to warn the user that the 
measurement of the ultrafiltrate is taking place with re- 
duced accuracy. 

To obtain a practically useful measuring device for 
the flow differential of the ultrafiltrate, it can be suitable 30 
to calibrate the measuring device every time it is used. 
This is possible to effect with the components which are 
normally present in the dialysis machine, in the dialysis 
machine according to Fig. 1 with the help of the dosage 
pump 18. 35 

During the start of a dialysis machine, the dialyser 
2 is 'primed' by allowing normal dialysis solution to pass 
on the dialysis side of the dialyser 2, whilst sterile salt 
solutbn passes on the blood side. In doing so, the dial- 
ysis machine is operated so that it produces dialysis so- 40 
lution with normal concentration via the dosage pumps 
18 and 19. 

According to the present invention, calibration is at- 
tained in the following nnanner. The dialysis machine is 
started in a nonmal manner and the dialyser is "primed" 4S 
whereby the dialysis machine attains normal operating 
temperatures. Thereafter the valves 22 and 26 are 
sw'rtched so that the dialyser 2 is disconnected and a 
shunt valve 46 is connected in and shunts the dialysate 
flow from the measuring cell 21 to the measuring cell so 
27. This connection is used to calibrate the measuring 
cells 21 and 27 to the same flow. 

By measuring the temperature differences in the 
heat exchanger 10 in this position, a fixed flow differen- 
tial is obtained with regard to the inflow via the inlet 1 6. ss 
AQa, the difference in the heat capacity between the In- 
coming flow and the outgoing flow AQq as well as power 
losses in the heat exchanger AQp since the ultrafiltration 



in this connection is zero. The three correction factors 
in the equation (6) can thus be determined. 

Thereafter the speed of the dosage pump 18 is in- 
creased by a predetermined value, for example an In- 
crease of 1 0 ml/min. from, for example, about 15 ml/min. 
to about 25 ml/min. This provides a simulation of an ul- 
trafiltratioh of 10 ml/min. and the new value of AQ^ iri 
the heat exchanger is read off by the calculating com- 
puter. In this manner, a calibration factor is attained 
which can be used for calculating the ultrafiltration in the 
subsequent measurings. 

By the addition of an extra quantity of concentrate 
via the inlet 16, an increase in the heat capacity C2 and 
density of the outgoing flow is obtained. This change is 
however small and can be ignored or compensated for 
by the calculating computer. 

The correction factor which arises during this cali- 
bration can depend on possible original measuring er- 
rors in the measuring value of the total incoming fiow 
or diverse losses of other types. The calibration can also 
be used to obtain a nominal value of the incoming flow 
which is later used In subsequent calculations. I.e. 
measuring of is not required. 

In the above, measurement of the incoming flow 
has been given which is normally preferred when the 
conditions are favourable for measurement of precisely 
that incoming flow. Nothing prevents the outgoing flow 
Q2 to be nneasured, (or estimated) if it should be pre- 
ferred in a particular case. The different equations will 
in principal be the same as those give above but with 
altered suffixes. The use of the outgoing flow Q2 as a 
basis for the calculations is obvbusly equivalent. 

The invention has been described above with the 
aid of preferred embodiments described with reference 
to the drawings. The varbus properties and features can 
be combined in other ways than those given in the draw- 
ings, which will be obvious to the skilled person. Such 
modificatbns and changes are Intended to be embraced 
by the scope of the invention as defined by the append- 
ed claims. 



Claims 

1 . Method for measuring the flow differential between 
incoming Ik^uki flow to a dialysis machine and out- 
going liqukJ flow from a dialysis machine, whereby 
the dialysis machine comprises: 

a heat exchanger for transfer of heat energy 
from the outgoing to the incoming liquid flow, 
a connection to a dialyser for feeding of dialysis 
solution through the dialysate side of the dia- 
lyser, 

a device for achieving an ultrafiltration in the di- 
alyser, 

a plurality of temperature sensors for detecting 
the temperature of the dialysis solution, 
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characterized by measuring the temperature 
differences across the primary side of the heat 
exchanger and the secondary side of the heat 
exchanger respectively, and calculating the 
flow differential between the Incoming and the s 
outgoing liquid flows with help of said temper- 
ature differences. 

2. Method according to claim 1 , characterized by ob- 
taining the total Incoming or outgoing liquid flow, for io 
example with a thermal flow meter, and calculating 
the flow differential with help of the equation: 

AQ = Qx{AT^ -ATgVATg 



where 


1$ 


AQ = 


the flow differential 


Q = 


the liquid flow 


AT,= 


temperature difference across one side of 




the heat exchanger 20 


AT2 = 


temperature difference across the other 




side of the heat exchanger 



incoming liquid flow to a dialysis machine and out- 
going liquid flow from a dialysis machine, whereby 
the dialysis machine comprises: 

a heat exchanger (10) for transfer of heat en- 
ergy from the outgoing (29) to the incoming (8) 
liquid flow, 

a connection (23,24) to a dialyser (2) for feed- 
ing of dialysis solution through the dialysate 
side of the dialyser. 

a device (20,28) for achieving an ultrafiltration 
in the dialyser, 

a plurality of temperature sensors for detection 
of the temperature of the dialysis solution, 
characterized by temperature sensors (30,31 ; 
32.33) for measuring the temperature differ- 
ences across the primary side and secondary 
side respectively of the heat exchanger, and 
a first calculating means (47) for calculating the 
flow differential between the incoming and out- 
going liquid flows with help of said temperature 
differences. 



3. Method according to claim 1 or 2, in which the dial- 
ysis machine is provided with an inlet for concen- 
trate, characterized in that the calculated differen- 
tial flow is compensated for by differences in the 
heat capacity between the Incoming and outgoing 
liquid flows. 

4. Method according to any one of the previous claims, 
characterized in that the calculated flow differential 
is compensated for by heat energy losses in the 
heat exchanger and/or the dialysis machine. 

5. Method according to any one of claims 2-4, char- 
acterized In that the total incoming or outgoing liq- 
uid flow is obtained by using a nominal value of said 
flow, for example a value of desired flow inputted by 
the user. 

a Method according to any one of claims 2-4, char- 
acterized In that the total incoming or outgoing liq- 
uid flow Is obtained by measuring the temperature 
difference across a heating device and measuring 
supplied power to the heating device, possibly com- 
pensated for losses to the surroundings, and calcu- 
lating the liquid flow with help of the equation: 



Q = lcxP/AT 



where 



Q = the liquid flow 

k = a constant 

P = supplied power (possibly compensated) 

AT = temperature difference 

7. Device for measuring the flow differential between 



25 



30 



3S 



40 



8. Device according to claim 7, characterized by a 
second calculating means (1 4.34,31 ) for calculating 
the total incoming or outgoing liquid flow; for exann- 
pie with a thermal flowmeter, whereby the flow dif- 
ferential is calculated by the first calculating means 
with help of the equation: 



AQ = Qx(ATi -AT2)/AT2 



where 



AQ = the flow differential 
Q = the liquid flow 

ATi = temperature difference across one side of 

the heat exchanger 
AT2 = temperature difference across the other 

side of the heat exchanger 



9. Device according to claim 7 or 8 in which the dialysis 
machine is provided with an inlet (16) for concen- 
trate, characterized by a first compensation means 
(37, 47, equation 4) for compensation of the calcu- 

^ lated flow differential for differences in the heat ca- 
pacity between incoming and outgoing liquid flows. 

10. Device according to any one of claims 7-9. charac- 
terized by second compensation of means (37, 47, 

SO equation 5) for compensating for the calculated flow 
differential for heat energy losses In the heat ex- 
changer (10) and the dialysis machine (1). 

11. Device according to any one of claims 8-10, char- 
ts acterfzed in that the second calculating means for 

calculating the total incoming or outgoing liquid flow 
uses a nofTiinal value of said liquid flow, for example 
a value of the desired flow inputted by the user 
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12. Device according to any one of claims 8-10, char- 
acterized in that the second calculating nneans for 
calculating the total incoming or outgoing liquid flow 
is arranged to measure the temperature difference 
across a heating device (14) and measures sup- s 
plied power to the heating device, possibly compen- 
sated for losses to the environment, and in that the 
liquid flow is calculated with help of the equation: 

Q = kxP/AT 

10 

where 

Q= the liquid flow 
k = a constant 

P = supplied power (possibly compensated) is 
AT = temperature difference 

13. Device according to any one of claims 7-12, char- 
acterized in that the heat exchanger (10) and the 
heating device (1 4) are provided with an insulating 20 
jacket. 

14. Method for calibrating of a device according to any 
one of clainrts 7-13 for measuring the flow differen- 
tial between incoming liquid flow to a dialysis ma- 2S 
chine and outgoing liquid flow from a dialysis ma- 
chine, whereby the dialysis nnachine comprises: 

a heat exchanger (10) for transfer of heat en- 
ergy from the outgoing (22) to the Incoming (8) 30 
liquid flow, 

an inlet (16) for a concentrate solution (6). 
a connectbn (23,24) to a dialyser (2) for nrieas- 
uring the dialysis solutkyi through the dialysate 
side of the dialyser, 35 
a device (20,28) for attaining an ultrafiltration in 
the dialyser, 

a plurality of temperature sensors for measur- 
ing temperature differences, characterized by 
disconnecting the ultrafiltration in the dialyser 40 
by means of a shunt arrangement (22,24,46) 
during nomial operation of the dialysis machine 
with a view to preparation and administration of 
the dialysis solutton; 

altering the quantity of supplied concentrate so- 4S 
lution (6) via said inlet (16) and calibrating the 
device for measuring the flow differential by 
means of said alteration whk:h simulates a 
known ultrafiltratkm. 
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